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Electronic Components and Modules Sectional Committee, LITD 05 


NATIONAL FOREWORD 


This Indian Standard (Part 3) which is identical with IEC 60747-3 : 2013 ‘Semiconductor devices -- 
Discrete devices -- Part 3: Signal, switching and regulator diodes' issued by the International 
Electrotechnical Commission (IEC) was adopted by the Bureau of Indian Standards on the 
recommendation of the Electronic Components and Modules Sectional Committee and approval of 
the Electronics and Information Technology Division Council. 


The text of IEC Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain terminology and conventions are, however, not identical to those used in Indian 
Standards. Attention is particularly drawn to the following: 


a) Wherever the words ‘International Standard’ appear referring to this standard, they should be 
read as ‘Indian Standard’. 


b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice 
is to use a point (.) as the decimal marker. 


In this adopted standard, reference appear to the following International Standard for which Indian 
Standard also exists. The corresponding Indian Standard, which is to be substituted in its place, is 
listed below along with its degree of equivalence for the editions indicated: 


International Standard Corresponding Indian Standard Degree of Equivalence 
IEC 60747-1 : 2006 Semiconductor IS 14901 (Part 1) : 2010 Identical 
devices — Part 1: General Semiconductor devices: Discrete 


devices and integrated circuits: 
Part 1 General (first revision) 


The technical committee has reviewed the provisions of the following International Standard referred 
in this adopted standard and has decided that it is acceptable for use in conjunction with this standard: 


International Standard Title 
IEC 60050 (All parts) International Electrotechnical Vocabulary 


Only the English language text of the IEC Standard has been retained while adopting it as an Indian 
Standard, and as such the page numbers given here are not the same as in the IEC Standard. 


For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 ‘Rules for rounding off numerical values (revised)’. The number of 
significant places retained in the rounded off value should be the same as that of the specified value 
in this standard. 
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1 Scope 


This part of IEC 60747 gives the requirements for the following devices: 

- signal diodes (excluding diodes designed to operate at frequencies above several 
hundred MHz); 

- switching diodes (excluding high power rectifier diodes); 

— voltage-regulator diodes; 

— voltage-reference diodes, 


- current-regulator diodes. 
2 Normative references 


The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 


IEC 60050 (all parts), International Electrotechnical Vocabulary 
(available at <http://www.electropedia.org>) 


IEC 60747-1:2006, Semiconductor devices — Part 1: General 
Amendment 1:2010 


3 Terms, definitions and graphical symbols 


For the purposes of this document, the terms and definitions given in IEC 60050-521, 
IEC 60050-702 and IEC 60747-1, and the following, apply. 


3.1 Signal and switching diodes 


3.1.1 
forward recovery voltage 


VER 
forward voltage occurring during the forward recovery time after switching from zero or a 
reverse voltage to a forward current 


3.1.2 
detector voltage efficiency 


My 
ratio of the d.c. load voltage to the peak sinusoidal input voltage under specified circuit 
conditions 
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3.1.3 
detector power efficiency 


7) 
ratio of the change in d.c. povver in the load resistance produced by the a.c. signal, to the 
available povver from a sinusoidal voltage generator vvhen the diode is operated under 
specified conditions 


3.1.4 
repetitive pulse energy 


EpR 
energy of a pulse of short duration that occurs in a repetitive series of pulses 


3.1.5 

total capacitance 

Ctot 

capacitance at the diode terminals, measured under specified bias conditions 


3.2 Voltage reference diodes and voltage regulator diodes 


3.2.1 

voltage reference diode 

voltage regulator diode where the minimum and maximum voltages are both specified at the 
same current 


[SOURCE: IEC 60050-521:2002, 521-04-16 modified — rewritten] 


3.2.2 

working direction 

direction of current that results when the N-type semiconductor region is at a positive voltage 
relative to the P-type region 


Note 1 to entry: This is also the reverse direction for voltage regulator diodes. 


3.2.3 

regulating range 

range of working direction currents within which the voltage is maintained between specified 
limits 


3.2.4 

working current 

I7 

current within the regulating range 


3.2.5 

working voltage 

Vz 

voltage within the regulating range 


3.2.6 
differential working resistance 


r. 
differential resistance at a vvorking current vvithin the regulating range 


3.2.7 

temperature coefficient of working voltage 

Oyz 

the quotient of the change in working voltage between two specified values of 
temperatures ,and the difference between these two temperatures 
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3.3 Current-regulator diodes 


3.3.1 Graphical symbol 


NOTE The arrow denotes the direction of flow of the regulator (working) current, flowing from the anode to the 
cathode. This is termed the forward direction for current-regulator diodes, and the terms defining the forward and 
reverse directions of a PN junction (IEC 60050-521:2002, 521-05-03 and 521-05-04) do not apply. 


Figure 1 - Current-regulator diode graphical symbol 


3.3.2 

regulator voltage 

Vs 

voltage within the regulating range of a current-regulator diode 


Note 1 to entry: “Working voltage” is no longer the preferred term. 


3.3.3 

limiting voltage 

VL 

voltage at point /, on the current-voltage characteristic 


SEE: Figure 2. 


3.3.4 

knee voltage 

Vk 

voltage near the lower knee of the current-voltage characteristic 


3.3.5 

regulator current 

Is 

current within the regulating range of a current-regulator diode 


Note 1 to entry: “Working current” is no longer the preferred term. 


3.3.6 
limiting current 


I 
specified current below the regulating range 


3.3.7 
small-signal regulator conductance 


s 
small-signal conductance within the regulating range of a current-regulator diode 


3.3.8 
knee conductance 


k 
small-signal regulator conductance at the knee voltage 


IS 14901 (Part 3) : 2016 
IEC 60747-3 : 2013 


3.3.9 
temperature coefficient of regulator current 


as 
quotient of the change in regulator current between two specified values of temperature and 
that change of temperature 


Note 1 to entry: The change in regulator current is usually expressed as a percentage of regulator current. 


Note 2 to entry: “Regulator current” is now used instead of “working current”, which is no longer the preferred 
term. 


4 Letter symbols 


4.1 General 


The general rules and letter symbols of IEC 60747-1:2006, Clause 4 apply with the following 
additions. 


4.2 Signal and switching diodes 
4.2.1 Subscripts 


A, a anode 

K, k cathode 

r recovery, recovered 
S,s storage, stored 


4.2.2 List of letter symbols 


4.2.2.1 Voltages 


VE Continuous (direct) forward voltage 
VR Continuous (direct) reverse voltage 
VRM Peak reverse voltage 


Ver) Breakdown voltage 
VER Forward recovery voltage 
VERM Peak value of forward recovery voltage 


4.2.2.2 Currents 


İF Continuous (direct) forvvard current 
İF İnstantaneous forvvard current 

lem Peak forward current 

Ip Continuous (direct) reverse current 
ip Instantaneous reverse current 

lan Peak reverse current 


4.2.2.3 Switching characteristics 
İr, Forvvard recovery time 
Reverse recovery time 
Reverse recovery current 


Q, Recovered charge 


4.2.2.4 Sundry quantities 


r Differential resistance 
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Ip Detector power efficiency 
Tİ, Detector voltage efficiency 
E Repetitive pulse energy 


pr 
4.3 Voltage reference diodes and voltage regulator diodes 


4.3.1 Subscripts 


Z,z vvorking 
4.3.2 List of letter symbols 


4.3.2.1 Voltages 
Vz Working voltage 


Noise voltage within the working voltage range (V, is also acceptable if no 
misunderstanding is possible). 


4.3.2.2 Currents 
Iz Continuous (direct) reverse current vvithin the vvorking voltage range 


Ip Continuous (direct) reverse current at a voltage below the working voltage range 


4.3.2.3 Sundry quantities 
Differential (working) resistance 


Temperature coefficient of working voltage (Reserve symbol: S,) 
4.4 Current-regulator diodes 


See Figure 2. 


0 VL Vk Vs Vs Ve 
Maximum recommended 


Figure 2 - Current-regulator diode characteristic with symbol identification 


4.4.1 Subscripts 
S,s Regulator 
L Limiting 

K Knee 
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4.4.2 List of letter symbols 


4.4.2.1 Voltages 


Vs Regulator voltage 
VL Limiting voltage 
Vk Knee voltage 


4.4.2.2 Currents 
ls Regulator current 


I Limiting current 


4.4.2.3 Sundry quantities 


9: Small-signal regulator conductance 
9k Knee conductance 
Als Regulator current variation 


5 Essential ratings and characteristics 


5.1 General 


The rules of IEC 60747-1:2006, Clause 5 apply, with the following additions. 


Voltage and current ratings apply over the rated range of operating temperatures. Where such 
ratings are temperature-dependent, this dependence should be indicated. 


5.2 Signal and switching diodes 

5.2.1 Ratings (limiting values) 

5.2.1.1 Minimum and maximum storage temperatures (Tstg) 

5.2.1.2 Minimum and maximum operating ambient or case temperature (T, or To) 
5.2.1.3 Maximum continuous (direct) reverse voltage (Vp) 

5.2.1.4 Maximum peak reverse voltage (Vpm) 


Under specified pulse conditions (for switching diodes). 


5.2.1.5 Maximum continuous (direct) forward current (lp) 
5.2.1.6 Maximum peak forward current (Im) 


Under specified conditions. 


5.2.1.7 Maximum total power dissipation (Piot or Pc) 


Where thermal resistance is not given in the characteristics, maximum total power dissipation 
as a function of temperature over the range of operating temperatures shall also be given. 


5.2.1.8 Any special requirements for ventilation and/or mounting 
5.2.2 Characteristics 
5.2.2.1 Reverse current (/p) 


Maximum value at the maximum continuous (direct) reverse voltage and at a low value of 
reverse voltage at 25 °C and one higher temperature. 
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5.2.2.2 Forward voltage (Vk) 


Maximum value at the rated maximum continuous (direct) forward current at 25 °C. 
Minimum value at low value of continuous (direct) forward current at 25 °C. 


5.2.2.3 Total capacitance (Cot) 


Maximum value at specified low value of reverse voltage at 25 °C; the frequency shall be 
below that where secondary effects are significant. 


5.2.2.4 Recovered charge (Q,) 


For switching diodes: maximum value when switching from a specified forward current by the 
application of specified reverse voltage or current and for specified circuit conditions. 


NOTE See note in 5.2.2.5. 


5.2.2.5 Reverse recovery time (t,,) 

For switching diodes: maximum value when switching from a specified forward current by the 
application of specified reverse voltage or current and for specified circuit conditions. See 
Figure 3. 


NOTE Recovered charge and reverse recovery time are measured between the instant when the current passes 
through zero, when changing from the forward direction to the reverse direction (tg), and the instant when the 
reverse current is reduced from its peak value /RM either to a specified low value (preferably 10 % of the peak 
reverse current) (tı), or when the extrapolated reverse current reaches zero (tr). The extrapolation is carried out 
with respect to two specified points, preferably 90 % and 25 % of the peak reverse current. 


Figure 3 - Reverse recovery current waveform 


5.2.2.6 Peak forward recovery voltage (V-pm) 


Maximum value (where appropriate) when switching from a specified reverse voltage to a 
specified forward current. 


5.2.2.7 Forward recovery time (t,,) 


Maximum value (where appropriate), when switching from a specified reverse voltage 
(preferably zero) by the application of a specified forward current with a specified rise time 
between 10 % and 90 %. 
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NOTE Forward recovery time is measured between the instant when the forward voltage rises through a specified 
first value (preferably 10 % of the final stable value) and the instant when it falls from its peak value, either to a 
specified second value close to the final stable value (preferably 110 %) or when the extrapolated forward voltage 
reaches zero (the extrapolation is carried out with respect to two specified points, preferably 90 % and 50 % of the 
peak forward voltage). See Figure 4. 


0,1 lem 


Figure 4 a) Current waveform 


VFRM 


1,1 Vp 
VF 


0,1 Vp 


trr (method A) 


VR b-- 
viR T 


fr, (method B) 


do Uk TA 


Figure 4 b) Voltage waveform 


Figure 4 - Current and voltage waveforms 


5.2.2.8 Detector efficiency 


For diodes specified for use in detector circuits, the following characteristics shall be stated: 


Either: a) Detector voltage efficiency (7,) 


Minimum value (for high-level RF detectors) under specified bias conditions at 25 °C. The 
circuit conditions and the frequency of measurement shall also be specified. 
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Or: b) Detector power efficiency (np) 


Minimum value (for low-level RF detectors) under specified bias conditions at 25 °C and at 
one higher temperature. The circuit conditions and the frequency of measurement shall also 
be specified. 


5.2.2.9 Noise (Vh; /,) (where appropriate) 


Maximum value of noise voltage or current, depending respectively on whether the diode is 
forward or reverse biased. 


5.3 Voltage reference diodes and voltage regulator diodes 


5.3.1 Ratings (limiting values) 


5.3.1.1 Minimum and maximum storage temperatures (Tstg) 
5.3.1.2 Minimum and maximum operating ambient or case, temperature (TA or To) 
5.3.1.3 Maximum continuous (direct) reverse current (17) 


5.3.1.4 Maximum continuous (direct) forward current (lp) 


(For diodes intended for operation in the forward conductivity region). 


5.3.2 Characteristics 
5.3.2.1 Working voltage (V2) 


Nominal, minimum and maximum values, each at a specified current in the scale 1, 2, 5 and 
preferably with either T, or T, and mounting details specified. Alternatively, the conditions 
may be at a specified Ty and a pulse test method be used, taking into account 6.2.2. 


For voltage-reference diodes, the preferred nominal values of working voltages are shown in 
Table 1 and Table 2. The nominal values in the tables multiplied by 10 are the recommended 
values for higher voltages. The specified minimum and maximum limits shall not lie outside 
those shown in the tables. 


Table 1 - Preferred reference diode working voltages - Voltages in the E24 series 


Min. Nom. Max. Min. Nom. Max. Min. Nom. Max. 
2,5 2,7 2,9 

2,8 3,0 3,2 5,8 6,2 6,6 12,4 13,0 14,1 
3,1 3,3 3,5 6,4 6,8 7,2 13,8 15,0 15,6 
3,4 3,6 3,8 7,0 7,5 7,9 15,3 16,0 17,1 
3,7 3,9 4,1 7,7 8,2 8,7 16,8 18,0 19,1 
4,0 4,3 4,6 8,5 9,1 9,6 18,8 20,0 21,2 
4,4 4,7 5,0 9,4 10,0 10,6 20,8 22,0 23,3 
4,8 5,1 5,4 10,4 11,0 11,6 22,8 24,0 25,6 
5,2 5,6 6,0 11,4 12,0 12,7 25,1 27,0 28,9 
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Table 2 - Preferred reference diode working voltages - Voltages in the E12 series 


Min. Nom. Max. Min. Nom. Max. Min. Nom. Max. 
2,4 2,7 3,0 

2,9 3,3 3,6 6,1 6,8 7,5 13,0 15,0 16,5 
3,5 3,9 4,3 7,3 8,2 9,1 16,0 18,0 20,5 
4,2 4,7 5,2 9,0 10,0 11,0 20,0 22,0 24,5 
5,0 5,6 6,2 10,5 12,0 13,5 24,0 27,0 30,0 


5.3.2.2 Differential resistance within the working voltage range (rz) 


Maximum value at the current specified in 5.3.2.1. 
Maximum value at a recommended minimum operating current. 


5.3.2.3 Temperature coefficient of working voltage (a,,) 
Minimum and maximum values (percent per degree Celsius) at the current specified in 5.3.2.1. 
If this coefficient varies significantly with the temperature, the variation shall be stated, and 


the temperatures (preferably junction temperatures) at which the measurements are made 
shall be specified. 


5.3.2.4 Junction capacitance 


Maximum value (where appropriate) at a specified reverse voltage below the minimum 
working voltage. 


5.3.2.5 Reverse current (/p) 


Maximum value at a specified reverse voltage below the minimum working voltage. 


5.3.2.6 Forward voltage (VF) 


Maximum value at the maximum continuous (direct) forward current (where appropriate - for 
voltage-regulator diodes intended for operation in the forward region). 


5.3.2.7 Noise voltage within the working voltage range (V,..) 
Maximum value (where appropriate) under specified conditions of frequency, bandwidth and 


operating current. Where the variation of this characteristic with temperature is significant, 
this shall be specified. 
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5.4 Current-regulator diodes 

5.4.1 Ratings (limiting values) 

5.4.1.1 Minimum and maximum storage temperatures (Tstg) 

5.4.1.2 Minimum and maximum operating ambient or case, temperatures (TA or To) 


5.4.1.3 Maximum total power dissipation at an ambient or case temperature of 25 °C 
(Piot) and a derating curve or derating factor 


5.4.1.4 Maximum reverse voltage / Maximum reverse current 


Either: a) Maximum reverse (negative anode-cathode) voltage (Vp) 
or: b) Maximum reverse current (/p) 


(Where appropriate) 


5.4.1.5 Maximum forward voltage (Ve) 


(Where appropriate) 


5.4.2 Characteristics 
5.4.2.1 Regulator current (154) 


Minimum and maximum values at a specified operating voltage (Vs1). 


5.4.2.2 Regulator current (/s2) 


Maximum value at the maximum recommended operating voltage (Vs). 


5.4.2.3 Temperature coefficient of regulator current (as) 


Highest (most positive or maximum) and lowest (most negative or minimum) values at the 
operating voltage specified in 5.4.2.1 and specified range of TA or Te- 


5.4.2.4 Regulator current variation / Small-signal regulator conductance 


Either: a) Regulator current variation (Als) 


Maximum value for a specified change of Vg between two specified values of Vg on either 
side of Vs, 


Or: b) Small-signal regulator conductance (gx) 
Maximum value at Vs, and f = 1 kHz 


5.4.2.5 Limiting voltage (Vi) 


Maximum value at specified current (/, ), preferably 0,8 Ig, min 


5.4.2.6 VVhere appropriate, knee conductance (gk) 


Maximum value at specified voltage (Vk) and f = 1 kHz 
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6 Measuring methods 


6.1 General 


The rules of IEC 60747-1:2006, Clause 6 apply. 


İn particular, IEC 60747-1:2006, 6.2 applies if pulse measurements are used in place of any 
of the d.c. methods specified below. In these cases: 

- the variable generator is replaced by a pulse generator, 

- the voltmeter is replaced by a peak-reading instrument, 

- the ammeter is replaced by a peak-reading; 

- pulse width and duty cycle (tp, 5) shall be specified. Preferably: tp = 300 us, 552 %. 


6.2 Signal and switching diodes 


6.2.1 Reverse current Ip 
a) Purpose 
To measure the reverse current of a diode under specified reverse voltage. 


b) Circuit diagram (Figure 5) 


Rə 


Figure 5 - Circuit diagram for the measurement of Ig 


c) Circuit description and requirements 
D diode being measured 
R, calibrated resistor (pulse measurement only) 
R, protective resistor 
d) Measurement procedure 
The temperature is set to the specified value. 


The variable voltage generator is adjusted to obtain the specified value of reverse voltage 
Vp across the diode. 


The reverse current Ip is read from the ammeter A. 
e) Specified conditions 
- ambient or case temperature (T,, To); 


- reverse voltage (Vp). 


6.2.2 Forward voltage Vp 
a) Purpose 


To measure the forward voltage across a signal or switching diode under specified 
conditions. 
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b) Circuit diagram (Figure 6) 


=O 
As © əy 


Figure 6 — Circuit diagram for the measurement of Vp 


c) Circuit description and requirements 
D diode being measured 
R, calibrated resistor (pulse measurement only) 
R, a high-value resistor 
d) Measurement procedure 
The temperature is set to the specified value. 


The variable voltage generator is adjusted to obtain the specified value of forward current 
İr as measured on ammeter A. 


The forward voltage VF is read from the voltmeter V. 
e) Specified conditions 
— ambient or case temperature (Ta: To); 


- forward current (IF). 


6.2.3 Total capacitance C,,, 
a) Purpose 

To measure the total capacitance of a diode under specified conditions. 
b) Circuit diagram (Figure 7) 


D /N AC bridge 


Figure 7 — Circuit diagram for the measurement for Cot 


c) Circuit description and requirements 
D diode being measured 
R lovv conductance resistor compared vvith the admittance of the diode being measured. 
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d) 


e) 


f 


C capacitor C able to withstand the reverse bias voltage of the diode and to present a 
short-circuit at the frequency of measurement. 


Precautions to be observed 


If the measured capacitance is very small, the mounting conditions will affect the accuracy 
of the results and they should be specified. 


Measurement procedure 
The temperature is set to the specified value. 


The voltage across the diode is adjusted to the specified value Vp. Then the voltmeter V is 
taken out of the circuit and the capacitance of the diode being measured is determined, 
using the a.c. bridge, by subtracting the value without the diode in its mounting from the 
value with the diode in its mounting. 


Specified conditions 

— ambient or case temperature (Tg, To); 

- reverse voltage (Vp): 

— measurement frequency, if different from 1 MHz; 
- mounting conditions of the diode, if necessary. 


6.2.4 Forward recovery time t,, and peak forward recovery voltage Very 


a) 


b) 


c) 


d) 


Purpose 
To measure the forvvard recovery time and the peak forvvard recovery voltage of the diode. 
Circuit diagram (Figure 8) 


oF 17 «2 
we, | 


Figure 8 - Circuit diagram for the measurement of t and Very 


Circuit description and requirements 
D diode being measured 


G current-pulse generator having a compliance voltage (open-circuit output voltage) of 
50 V minimum or three times Very, whichever is greater 


R non-inductive calibrated resistor 


S electronic switch, which is closed except for a period starting just before the current 
pulse and throughout its duration 


MA and Mg oscilloscopes or other monitoring instruments 


The pulse duration shall be long enough for the forward voltage to have reached the 
stable value Vr. 


The pulse duration and the duty cycle of the current-pulse generator should be such that 
negligible internal heating of the diode occurs. 


Measurement procedure 


The temperature is set to the specified value. 
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While monitoring the current waveform on MA, the current-pulse source is adjusted to the 
specified conditions of rise time t, and forward current İM. 


The reverse voltage Vp is adjusted to the specified value, and switch S is appropriately 


set. 


The peak forward recovery voltage Very and the forward recovery time ti, are measured 


on 


the waveform of voltage across the diode on Mp in accordance with the applied 


specification method. 


e) Specified conditions 


ambient or case temperature (TA, To); 
peak forward current (Em): 
rise time of current pulse (t,) (between 10 Yo and 90 % of lpp, unless otherwise stated), 


voltages defining the beginning and the end of the forward recovery time, if different 
from 10 Yo and 110 %, respectively, of Ve, 


reverse voltage (Vp). 


6.2.5 Reverse recovery time (t,,) and recovered charge (Q,) 
a) Purpose 
To measure the reverse recovery time of a diode under specified switching conditions and 


to calculate the charge recovered from a diode when it is rapidly switched from a forward 
biased condition to a reverse biased condition. 


b) Circuit diagram (Figure 9) 


SW: R2 


- + 


Figure 9 - Circuit diagram for the measurement of t,, 


c) Circuit description and requirements 


D 

G, 
Ry 
M: 


diode being measured 
current generator supplying the forward current (lẹ) 
non-inductive current shunt 


measuring instrument (eg. oscilloscope) 


SW, switch to turn off the diode 


Cy 


Rə 
G, 


capacitor to provide the reverse current pulse, large enough to maintain the reverse 
voltage applied to the diode for at least three times f,,max. while passing a current 
equal to Ip + I... For example: 


20(/F +e max Yy max 
V.- max 


Cı min = 


protective resistor for G, 
voltage generator to provide the specified reverse voltage as measured on V,. 
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d) 


e) 


If a peak reverse current (/,.max) is specified: 
Set Gə to Vp max and R3 to Vp max/(/p + /,,max). 
If the rate of change of current (dl/dt) is specified: 


Set L, to Vamax/(dl/dt) and provide D4 to clamp the voltage generated by L, when the 
diode being tested turns off. 


Measurement procedure 
The temperature is set to the specified value. 


With SW, open, set G, to provide the reverse voltage to be applied to the diode as 
measured on V4. Adjust G, to apply the forward current (/-) as measured on M4. After this 
current has been applied for at least the time necessary to ensure that the diode is fully 
charged, close switch SW,. The resultant current pulse is recorded on the measuring 
instrument M,. 


Reverse recovery time is measured between the two points specified in 5.2.2.5 and 
recovered charge is calculated between the same two points using one of the following 
equations: 


to Huy 


Q, = $ Ip. dt... Opies Q, = İ Ipdt 


Specified conditions 

— ambient or case temperature (Ta, To); 

— forward current (IF); 

— Reverse voltage (Vp) or reverse recovery current (/,,-max); 
- Rate of change of current (dl/dt) (if required); 

- End time t or tr. 


6.2.6 Detector voltage efficiency 7, 


a) Purpose 


To measure the detector voltage efficiency of a signal diode under specified conditions. 


b) Circuit diagram (Figure 10) 


Figure 10 — Circuit diagram for the measurement of 7, 


c) Circuit description and requirements 


D diode being measured 
G low-impedance generator 
V r.m.s. reading voltmeter 


The value of R, should match the output impedance of the generator G. The time 
constant C, R, should be large compared to the reciprocal of the measurement frequency. 


d) Measurement procedure 
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The temperature is set to the specified value. 
The generator is adjusted to give the specified r.m.s. value of V,. 


Və is read from the voltmeter and the detector voltage efficiency is calculated using the 
expression: 


V, 
N, = x 100 % 


Specified conditions 

- ambient or case temperature (TA, To); 

- Measurement frequency (usually 100 MHz); 
- circuit parameters (R, and Cı), 

- voltage V, (r.m.s. value). 


6.2.7 Detector power efficiency Np 


a) 


b) 


c) 


d) 


Purpose 
To measure the detector povver efficiency of a signal diode under specified conditions. 
Circuit diagram (Figure 11) 


Rg D 
r pi 


RL 


O E a FO 


Figure 11 - Circuit diagram for the measurement of p 


Circuit description and requirements 
D diode being measured 

G voltage generators 

V voltmeter 

A ammeter 


The transformer should have a low loss, and the equivalent value of the loss resistance 
should be included in Rg. 


The turns ratio of the transformer should be such as to ensure impedance matching 
between Rg and R,. 


The value of R, should be high compared with the value of the forward impedance of the 
diode. The time constant C,R, should be large compared to the reciprocal of the 
measurement frequency. 


Capacitor C, should provide a short-circuit at the measurement frequency. 
Measurement procedure 
The temperature is set to the specified value. 


The a.c. voltage generator is set to zero, and the d.c. voltage generator is set to give the 
specified forward bias conditions. The current /, , is read from the d.c. ammeter A. 
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The a.c. voltage generator is set to the specified r.m.s. voltage Vg and the new value / 5 is 
read from the ammeter. 


The detector power efficiency is calculated using the expression: 


4(l -h :R,:R 
, = — VE 9 (x100 96) 


g 


e) Specified conditions 


6.2.8 


ambient or case temperature (Ta, Te); 
measurement frequency (f) and r.m.s. voltage (Vg): 
d.c. bias conditions: 

circuit parameters (Rj and C) ), 

generator impedance (Rg). 


Noise Vn: I, 


a) Purpose 


To measure the noise current of a diode. 


b) Circuit diagram (Figure 12) 


D A 


> | 


alı or 


qün 


Figure 12 — Circuit diagram for the measurement of noise current 


c) Circuit description and requirements 


A 


< nu 


lovv-noise amplifier 
diode being measured 
pass-band filter 

load resistor 

d.c. source 
square-lavv voltmeter 


The diode may be biased İn either direction to obtain noise values in either forvvard or 
reverse direction. 


The recommended values for the limits of the pass-band of the filter are: 900 Hz and 
1 100 Hz. 
d) Measurement procedure 


The voltage drop produced by the noise current of the diode is measured in the load 
resistor after amplification by means of a pass-band amplifier having a determined 
bandvvidth and gain. At the output, the noise voltage is observed vvith a square-lavv 
voltmeter. The noise current in the pass-band is given as follovvs: 
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where: 

A, = voltage amplification of the amplifier plus filter 

The noise current may be brought back by calculation to 1 Hz of bandwidth. 
Precautions 


The noise introduced by the amplifier, the load resistance and the d.c. source shall be 
negligible. If this is not the case, it is necessary to make a correction obtained by 
measuring the noise with the diode replaced by an appropriate resistor. 


Specified conditions 

- ambient or case temperature (TA, To); 
- frequency 

- bandwidth 

- forward current or reverse voltage 


Voltage reference diodes and voltage regulator diodes 


1 Working voltage Vz 


Purpose 
To measure the working voltage corresponding to a specified working current. 
Circuit diagram (Figure 13) 


(AN 
Na 


(x) 
Se 


Figure 13 — Circuit diagram for the measurement of Vz 


Circuit description and requirements 
D diode being measured 

G current generator 

A ammeter 

V voltmeter 


The voltmeter V should have a high resistance compared with the resistance of the diode 
at the working voltage. 


Measurement procedure 
The temperature is set to the specified value. 


The output of the current generator G is increased until the specified working current is 
indicated on the ammeter. The working voltage across the diode is then read from the 
voltmeter. 


Specified conditions 
- ambient or case temperature (T,, To); 


19 


IS 14901 (Part 3) : 2016 
IEC 60747-3 : 2013 


- working current (17): 
- mounting conditions including length of leads, if necessary. 


6.3.2 Differential resistance in the working current range r, 


a) 


b) 
c) 


d) 


e) 


f) 


Purpose 

To measure the differential resistance at a specified working current. 
Circuit diagram (Figure 13) 

Circuit description and requirements 


The working voltage V, is measured at two currents using the method described in 6.3.1. 
Switching between the two currents may be implemented using an additional pulse or 
alternating current source. 


Measurement procedure 
The temperature is set to the specified value. 


The current is set to a value 10 % above the specified working current and the voltage V, 
is read on the voltmeter. 


The current is then set to a value 10 Yo below the specified working current and the 
voltage VA is read on the voltmeter. 


The differential resistance is given by: 


ə V1 -Və 
“ 1,(41-0,9) 


Precautions 


Since the voltage difference to be measured is small relative to the vvorking voltage, an 
accurate method of measuring the voltage is required. 


Specified conditions 

- ambient or case temperature (TA, To); 

- working current (/7): 

— mounting conditions including length of leads, if necessary. 


6.3.3 Temperature coefficient of working voltage a,, 


a) 


b) 
c) 


d) 


Purpose 


To measure the temperature coefficient of vvorking voltage at a specified vvorking current 
and over a specified ambient or case temperature range. 


Circuit diagram (Figure 13) 
Circuit description and requirements 


The working voltage Vz is measured at two specified temperatures 7, and T, using the 
method described in 6.3.1. 


Measurement procedure 

The temperature is set to the lower specified value (T1). 

The current is set to the specified current (Iz) and the voltage (V7,) is measured. 
The temperature is set to the higher specified value (T3). 

The current is set to the specified current (/7) and the voltage (V22) is measured. 


The temperature coefficient is calculated using the expression: 


O = 100 (Vs -V,4) 
z (T, =. T, ) Vz 


(Percent per degree Celsius) 


e) Precautions 
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Ensure that the current is the same for both measurements. 


As the voltage difference to be measured is small relative to the working voltage, an 
accurate method of measuring the voltage is required. 


f) Specified conditions 
— ambient or case temperature (Ta, To); 
- working current (17); 
- mounting conditions including length of leads, if necessary. 


6.3.4 Reverse current Ip 


The method for signal diodes in 6.2.1 applies. 


6.3.5 Forward voltage Vf 


The method for signal diodes in 6.2.2 applies. 


6.3.6 Junction capacitance C,,; 


The method for signal diodes in 6.2.3 applies. 


6.3.7 Noise voltage Vv, 
a) Purpose 

To measure the noise voltage of a reference diode under specified conditions. 
b) Circuit diagram (Figure 14) 


= Amplifier 


< z (TO 


Rsrz 


Figure 14 - Circuit diagram for the measurement of Va 


c) Circuit description and requirements 
D diode being measured 
R load resistor 
G doc source 
A 


selective amplifier having a stated bandwidth, a known amplification and a high-input 
impedance 


V r.m.s. voltmeter 
d) Precautions to be observed 

If the inherent noise is not negligible, the measured value shall be corrected accordingly. 
e) Measurement procedure 

G is set to give the specified working current (/7) as measured on ammeter A. 
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The noise voltage of the diode is measured after amplification by means of a pass-band 
amplifier having a determined bandvvidth and gain. At the output, the noise voltage is 
observed vvith a square-lavv voltmeter. The noise voltage in the pass-band is given by the 
meter reading divided by the amplifier gain. 


f) Specified conditions 
— ambient or case temperature (Ta or To); 
— working current and frequency of measurement (Iz, f), 
- noise detector bandwidth. 


6.4 Current-regulator diodes 


6.4.1 Regulator current /s 
a) Purpose 


To measure the regulator current of a current-regulator diode at a specified regulator 
voltage. 


b) Circuit diagram (Figure 15) 


7 O 0) 


Figure 15 - Circuit diagram for the measurement of I, 


c) Circuit description and requirements 
current-regulator diode being measured 
d.c. voltage generator 

protective resistor 


ammeter 


<> DOO 


voltmeter 
d) Measurement procedure 
The temperature is set to the specified value. 


The voltage generator is adjusted to obtain the specified value of regulator voltage Vs 
across the current-regulator diode. 


The regulator current Ig is read from the ammeter A. 
e) Specified conditions 
- ambient or case temperature (Ta, To); 


- regulator voltage (Vs); 


6.4.2 Temperature coefficient of regulator current as 
a) Purpose 


To measure the temperature coefficient of regulator current of a current-regulator diode at 
a specified regulator voltage. 


b) Circuit diagram 
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See Figure 15. 
Circuit description and requirements 


The regulator current / is measured at two specified temperatures T, and T, using the 
method described in 6.4.1) 


The current measuring device A shall have a high accuracy, because the difference of the 
two currents to be measured occurs in the formula for the temperature coefficient. 
Therefore, the measuring device A shall be for example based on a bridge or 
compensation method or shall be a digital voltmeter of high precision. 


The ambient or case temperature shall be carefully controlled during the measurement. In 
the case of appreciable power dissipation within the device, thermal equilibrium shall be 
reached before the current measurements are made. 


Measurement procedure 


For a specified regulator voltage Vs as read from voltmeter V, the regulator current is 
measured at two specified values of ambient or case temperatures T, and T3. 


The temperature coefficient is calculated using the expression: 


== 100 (Iso -lo:) 


As = (Percent per degree Celsius) 
(T, -T Ms: 


where: 

Is, is the current measured at the lower temperature T4 
İsə is the current measured at the higher temperature 7, 
Specified conditions 

— ambient or case temperatures (T4 and Tə) (Ta, To) 

- regulator voltage (Vs) 


6.4.3 Regulator current variation Al, 


a) 


b) 


c) 


d) 


e) 


Purpose 


To measure the regulator current variation of a current-regulator diode over a specified 
regulator voltage range. 


Circuit diagram 

See Figure 15. 

Circuit description and requirements 

The regulator current Is is measured at two specified voltages Vs, and Vs, 
Measurement procedure 


The variable voltage generator is adjusted to the lower specified value Vg:, the regulator 
current Ig, is read from the ammeter A. 


The variable voltage generator is adjusted to the higher specified value Vgo; the regulator 
current Igo is read from the ammeter A. 


The regulator current variation is then calculated using the expression: 


Als = İsə - İsi 
Specified conditions 
- ambient or case temperature (Ta, To) 
- regulator voltages (Vs, and Vs.) 


6.4.4 Limiting voltage V, 


a) 


Purpose 
To measure the limiting voltage of a current-regulator diode at a specified current. 
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b) Circuit diagram 


See Figure 15. 


c) Circuit description and requirements 
The limiting voltage V, is measured at the specified limiting current /,. 


d) Measurement procedure 


The temperature is set to the specified value. 


The vari 


able voltage generator is adjusted to obtain the specified value of current /, 


through the current-regulator diode and the voltage is measured on voltmeter V,- 


e) Specified conditions 


- ambient or case temperature (T.. Te) 


- limiting current (|) 


6.4.5 Sm 


all-signal regulator conductance g, 


6.4.5.1 Two-voltmeter method 


a) Purpose 


To measure the small-signal regulator conductance of a current-regulator diode under 
specified regulator voltage. 


b) Circuit diagram (Figure 16) 


\ 
R2 Ls) 
3 


SIBIL NG, 7 Ga) 


Figure 16 — Circuit diagram for the measurement of g, (two-voltmeter method) 


c) Circuit description and requirements 


D 
Ry 


current-regulator diode being measured 


The value of this resistor shall be sufficiently low with respect to 1/g,; in practice, 
a value of 10 Q to 100 Q will be used, depending on the voltmeter sensitivity. 


The value of this resistor shall be sufficiently high with respect to the generator 
resistance. 


The inductance is optional; its use facilitates the adjustment of the specified 
operating point. 


These capacitances shall represent an effective short-circuit at the measurement 
frequency. 


The push-button switch shall only be used for measuring Vs. 


The voltmeter shall have sufficient sensitivity; for the measurement of low 
inductances, it shall preferably be a selective instrument. 
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d) Measurement procedure 
The temperature is set to the specified value. 


The variable voltage generator G is adjusted to obtain the specified continuous voltage Vs 
across the current-regulator diode. 


With the switch S in position 1, the value V, = HR: is measured on voltmeter V,, while with 
the switch S in position 2, the value V = V, + I4R4 is measured, where Vg is the a.c. 
voltage drop across the current-regulator diode. 


V2- V4 “Vs 


The small-signal conductance g, is then calculated using the following expression: 
la Vi 


g, =+ = 
$ Vs Ry (V2 -V1) 
For Və >> Vi: 
jad 
` RV 


e) Specified conditions 
- ambient or case temperature (Ta, To); 
- regulator voltage (Vs); 
- frequency of measurement (f). 


6.4.5.2 Two-terminal bridge method 
a) Purpose 


To measure the small-signal regulator conductance of a current-regulator diode under 
specified regulator voltage. 


b) Circuit diagram (Figure 17) 


Bridge 


777 


Figure 17 - Circuit diagram for the measurement of g, (tvvo-terminal bridge method) 
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c) Circuit description and requirements 
D current-regulator diode being measured 


Bridge bridge vvith a lovv d.c. resistance betvveen its input terminals and able to carry the 
required current vvithout affecting the accuracy of the measurement. 


C capacitor providing an effective short-circuit at the frequency of measurement 
R protective resistor 
d) Measurement procedure 
The temperature is set to the specified value. 
The bridge is first balanced with the current-regulator diode removed. 


The device being measured is inserted into the measurement socket and, with the 
specified regulator voltage applied, the bridge is again balanced. 


gs is then read from the bridge. 
e) Specified conditions 
- ambient or case temperature (Tg, To); 
- regulator voltage (Vs): 
- frequency of measurement (f). 
6.4.6 Knee conductance g, 
The same measuring method as in 6.4.5 above for small-signal conductance can be used, 


with the regulator voltage set to the specified value of Vk. 


7 Acceptance and reliability 
Clause 7 of IEC 60747-1:2006 and its subclauses apply. 


7.1 Acceptance-defining characteristics 


Acceptance-defining characteristics, their criteria and measurement conditions are listed in 
Table 3. 


Characteristics shall be measured in the sequence in which they are listed in this table, 
because the changes of characteristics caused by some failure mechanisms may be wholly or 
partially masked by the influence of the other measurement conditions. 
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Table 3 - Acceptance-defining characteristics for acceptance after endurance tests 


Device sub-categories 


Acceptance defining 
characteristics 


Acceptance criteria 


Measurement conditions 


Highest V, specified 


Signal and switching İR SUSL for In (Note 4) 
diodes 
VE x USL Highest /, specified for V- 
Ip < USL Highest Vk specified for Ip 
İAİ- 1% of IVD 
(Note 2) 
Vz 
Voltage-reference diodes İAİ 2 96 of IVD İz specified for nominal Vz 
(Note 3) 
r, x USL 
See the relevant 
Vnz SUSL specification 
Ip < USL Highest Vp specified for Ip 
v. < USL 
Voltage-regulator diodes 2 SUS 
2 LSL I, specified for nominal V, 
F x USL 
Current-regulator diodes A < USL Highest /, specified for V, 
ls < USL 
2 LSL Vg specified for nominal ls 
Is < USL 


NOTE 1 USL = upper specification limit 


LSL = lower specification limit 


IVD = initial value of individual device 


NOTE 2 For devices which are specified with a tolerance less than or equal to 1 %. 


NOTE 3 For devices which are specified with a tolerance greater than 1 9h. 


NOTE 4 Where the Vp specified for Ig measurements is in the breakdown region, a lower value of Vp may be 


used. 
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